Acute myocardial infarction causing cardiac ischemia is responsible for the majority of cardiac related deaths. Medical interventions that ensure rapid reperfusion, such as percutaneous coronary intervention, are aimed to allow myocardial re-oxygenation. However, this generates reactive oxygen species, resembling ischemiareperfusion type of injury based on oxidative stress. In the present study we monitored dynamic changes of total serum peroxides, total antioxidant capacity and soluble intercellular adhesion molecule-1 as well as the titer of antibodies against oxidized low-density lipoproteins in the blood during the convalescence period of 32 patients with acute myocardial infarction treated by percutaneous coronary intervention. Samples were taken at admittance and at two hours, four hours, three days and seven days following percutaneous coronary intervention. Total antioxidant capacity dropped to 82% ( p < 0.05). The titer of antibodies against oxidized low-density lipoproteins transiently decreased within the first three days, and increased afterwards. The values of serum peroxides and soluble intercellular adhesion molecule-1 increased continuously in respect to the initial levels reaching the maximum at the time of release from hospital. These findings indicate a persistent oxidative stress that might be associated with intravascular inflammation in patients during convalescence and release from hospital. myocardial infarction; percutaneous coronary intervention; inflammation; soluble intercellular adhesion molecule-1; lipid peroxidation © 2006 Tohoku University Medical Press While oxidative stress has been shown to be related with the age and living habits (Ozbay and Dulker 2002) , it plays an important role in the development of vascular diseases that affect vital organs, in particular brain and heart (Zarkovic 2003; Zarkovic et al. 2004; Madamanchi et al. 
lular adhesion molecule-1 (sICAM-1) levels are associated with carotid plaques (van der Meer et al. 2002) .
The purpose of this study was to investigate the appearance of oxidative stress and the inflammation of coronary arteries during the convalescence period in patients suffering from AMI who had undergone PCI. We therefore monitored the dynamic changes of total serum peroxides, total antioxidant capacity and sICAM-1 as well as the titer of oLAb during the course of convalescence of 32 patients with AMI treated by PCI.
PATIENTS AND METHODS

Patients
The study was performed according to the Helsinki declaration. The Ethics Committee of the University Hospital "Sestre milosrdnice" approved the protocol and written, informed consent was obtained from all patients.
After established diagnosis of AMI in the Emergency Unit of the University Hospital "Sestre milosrdnice" in Zagreb, all patients (Table 1) were immediately transferred to the catheter laboratory. Patients were admitted within 6 hours following the development of symptoms. Criteria for diagnosis and urgent PCI were established following recent ESC guidelines for AMI with STEMI diagnosis and treatment. Patients were treated with oxygen, nitro-glycerine, aspirin (330 mg), a loading dose of ticlopidine (500 μ g) and 5,000 IU bolus of heparin followed by 18 IU/kg/h prior to the intervention. It is assumed that such a routine medicamentous treatment should not have a major impact on the parameters analysed in this study during a week of convalescence. Patients were admitted to the Coronary Care Unit following successful primary PCI.
As AMI differs from stable angina pectoris in many pathological aspects, it is commonly preferred to consider AMI patients at admission as their own effective control for the dynamic change of parameters followed within a particular period of time, instead of comparing them with patients suffering from angina pectoris. Therefore, the values obtained at the admission were considered as relevant control values for parameters analyzed during the period of post-AMI and PCI convalescence.
Sample preparation
Blood was initially taken from the cubital vein just prior to primary PCI after medicamentous treatment as described before. The other samples of blood taken from 2005; Bir et al. 2006) .
Acute myocardial infarction (AMI) is the most critical event in cardiovascular disorders and arises as a consequence of myocardial ischemia due to coronary artery occlusion. Reperfusion therapy is a contemporary, effective treatment of patients with acute ST-segment elevation myocardial infarction (STEMI). Numerous studies have shown a clear superiority of primary percutaneous coronary intervention (PCI) over pharmacological thrombolysis for the treatment of STEMI with higher initial reperfusion rates and better longterm clinical outcomes. The performance of primary PCI is however scarcely performed, hence, only 25% of AMI cases in the USA and 10% in Europe are treated by PCI.
Reactive oxygen species (ROS) play an essential role in the pathophysiological myocardial processes during ischemia and reperfusion. The action of ROS and the ensuing lipid peroxidation exhaust the organism's antioxidant capacity (Frei 1994) . During early reperfusion oxidative stress might also lead to myocardial stunning and arrhythmia (Ferrari et al. 1993; Akar et al. 2005) . The reaction of ROS with polyunsaturated fatty acids (PUFA) of low-density lipoproteins (LDL) leads to the formation of oxidized LDL (oLDL). Reactive aldehydes, which represent the end products of the lipid peroxidation cascade, such as malondialdehyde and 4-hydroxynonenal, may damage the endothelial layer in the vascular system (Steinbrecher 1987; Zarkovic 2003) . These lipid peroxidation products covalently bind to apolipoprotein B (apoB) of LDL forming immunogenic epitopes that bind to the scavenger receptors on macrophages (Jürgens et al. 1987) . Therefore, the titer of antibodies against oLDL (oLAb) directed against oxidatively modified epitopes on apoB of oLDL has also been shown to be a reliable predictor for the progression of atherosclerosis within the carotid arteries (Vaarala 2000) .
On the other hand, atherosclerosis and consequential cardiovascular diseases are also considered as chronic inflammatory process, in which C-reactive protein seems to be associated with the severity of atherosclerosis, while soluble intercel-the cubital vein were obtained at two hours, four hours, three days and seven days following PCI. On the third and the seventh day after PCI, blood samples were prepared at the same time, (between 6 and 7 a.m.). Blood taken from patients was collected in a centrifuge tube and the sample was left to clot for 30 min and was then spun down at 1,500 rpm for 15 min. Aliquots were stored at −80°C until analysis.
Total antioxidant capacity
The antioxidant capacity of sera was determined by a commercially available method (TAC ® -LDN, Nordhorn, Germany) as previously described (Resch et al. 2006 ). The assay is based on the consumption of antioxidants present in the sample after the addition of hydrogen peroxide. Serial dilutions of Trolox (6-hydroxy-2,3,8-tetramethylchroman-2-carboxylic acid) were used for standardisation. Results were expressed as mmol l -1 Trolox equivalents.
Total serum peroxides
Serum peroxide concentrations were determined by a rapid enzymatic, in vitro diagnostic assay (TOC -LDN) as previously described (Tatzber et al. 2003 ). The assay is based on a peroxide/peroxidase reaction using tetramethyl-benzidine (TMB) as the chromogenic substrate. Peroxide levels are expressed as "μ M H 2 O 2 equivalents", because of different contributions of various peroxides to the reaction. The inter and intra assay variance was 4.5%.
Titer of antibodies to oxidized LDL (oLAb)
The titer of antibodies against oLDL was measured in sera with a commercial enzymatic immunoassay (Biomedica, Vienna, Austria) as previously described . The assay is based on the binding reaction of 1 : 50 diluted samples to the previously oxidized LDL by cupric ions bound to the microtiter wells. Detection was performed by the binding of a secondary, peroxidase coupled anti-IgG antibody, which permitted the colorimetric detection of this enzyme with TMB as the chromogenic substrate. Results were expressed as mU/ml. The variation coefficient was 6.7% within a run and 10.9% from run to run.
sICAM-1
Reagents were prepared according to the manufacturer's instructions (R&D systems, Minneapolis, MN, USA). One hundred microlitres of the reagent mixture were added to the micro wells of 96-well plates followed by 100 μ l of standards or sera samples. The plates were then incubated for 90 min. After the incubation, the plate was washed six times with 300 μ l of provided wash buffer. One hundred microlitres of the dye substrate (TMB) was added to the wells immediately after the washing step and the plate was incubated for 30 min. The optical density was determined by reading the absorption at 450 nm.
Ejection fraction coefficient
The extent of the infarction was estimated using a bedside two dimensional Doppler echocardiogram (Acuson SEQUOIA, Erlangen, Germany) within the first MI, myocardial infarction; ant/inf/lat, anterior/inferior/lateral; CK, creatine kinase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; L D L , l o w -d e n s i t y l i p o p r o t e i n ; H D L , high-density lipoprotein; n, number of patients.
24 hrs following admission. The ejection fraction was measured using Simpson's method. Regional wall motion abnormality was estimated by dividing the ventricle into 16 segments in accordance with the recommendations of the American Society of Echocardiography (Crequeira et al. 2002) .
Statistical analysis SPSS 11.0 program for Windows was used. The statistical significance of the levels of total peroxides, the antioxidant capacity, sICAM-1 and oLAb was calculated using the Chi-square test. Significant differences between these assays at various time points were determined by the Mann Whitney's U-test. Values of p < 0.05 were considered to be significant. Similarity of dynamic changes between sICAM-1 and serum peroxides was analysed using the Pearson correlation coefficient.
RESULTS
Total antioxidant capacity
The total antioxidant capacities of sera of the patients were within the range of normal values most of the time during convalescence (Fig. 1A) . Two hours following PCI, the antioxidant capacity decreased to 87% of the initial value ( p < 0.05), increasing after three days to the levels measured at the time prior to PCI (102%). The values determined seven days following PCI were again Fig. 1 . Evolution of total antioxidant capacity (A), total serum peroxides (B), titer of antibodies to oxidized LDL (C) and sICAM-1 (D) levels. Significant differences observed between the particular time points and the initial values at admission (OV) are denoted by "a" on the graphs, while significant differences between any time point and the preceding time point are denoted by "b". Results are shown as a percentage of the respective initial values measured at admission, i.e., before the PCI. Blood samples were taken from patients at admission, i.e., prior to PCI (OV), two hours (I), four hours (II), three days (III) and seven days (IV) after PCI. While serum peroxide and sICAM-1 levels continuously raised, the oLAb results have shown a moderate and transient decrease followed by the raise of the antibody titer typical for successful convalescence after AMI. Total antioxidant capacity of serum has also shown a transient decrease after PCI, which occurred afterwards also on the seventh day.
significantly lower ( p < 0.01) than those at admission (82% of initial measurement), still remaining within the range of normal values.
Total peroxides
Total peroxides (Fig. 1B) were above normal values from the time of admittance. The values of serum peroxides were increasing constantly during the observation period, reaching a maximum at the time of release from hospital (time point IV), which was nearly 3 times increased if compared to the initial peroxide levels ( p < 0.01).
Titer of antibodies to oxidized LDL
The titer of antibodies against oLDL (Fig.  1C) was within the range of normal values during the observation period. A tendency of slight and transient decrease (to 89% of the initial values) was noticed on the third day ( p < 0.05). On the seventh day, the oLAb values increased slightly in comparison to the values determined initially (116%). The increase was found to be significant ( p < 0.05) between the third and the seventh day of convalescence.
sICAM-1
Soluble intercellular adhesion molecule-1 levels (Fig. 1D) , similar to the serum peroxides, increased from 2 hours to seven days following PCI. The increase was continuous and reached a maximum (220% of initial values) on the seventh day. The values observed two hours after PCI as well as those obtained from the blood samples taken on the third and on the seventh day were also significantly different from those measured at admittance ( p < 0.05).
Similarity of raise of sICAM-1 and serum peroxides was also verified by the Pearson correlation coefficient factor of 0.92 ( p = 0.001) determined between the evolution pattern of total serum peroxides and sICAM-1 (Fig. 2) .
Evaluation of the patterns of dynamic changes of analyzed parameters is presented in Fig. 3 . The predominant trend for sICAM-1 and serum peroxides was a raise (for both, p < 0.05). Opposite to that, predominant trend for total capacity of antioxidants was decrease ( p < 0.05), while the antibody titer to oLDL predominantly followed a trend of transient fall.
DISCUSSION
While myocardial damage is known as pathological condition associated with oxidative stress, the results obtained in this study indicate p e r s i s t e n t o x i d a t i v e s t r e s s a l s o d u r i n g convalescence in patients with AMI treated by PCI. Namely, a sustained and significant increase of total peroxides led to a maximum at the time of release from hospital (day seven). The increase of serum peroxides was associated with a decrease in total antioxidant capacity.
Consumption of antioxidants was previously shown in patients with peripheral arterial disease after ischemia-reperfusion as well as after vascular surgery (Berg et al. 2005; Wonisch et al. 2005) . It should be mentioned that interpretation of data on total serum antioxidant capacity is not easy, as it is not certain which antioxidants have major impact on the overall capacity under different circumstances of acute or chronic oxidative stress. Nevertheless, these assays are useful screening methods and should be combined with other test evaluating pathology of oxidative stress, as was done in the present study. In our patients, the drop in antioxidant capacity occurred at two and at four hours following PCI. However, because initial values of total antioxidant capacity were above normal range at the time of admission, the decreased values of antioxidant capacity observed after PCI still remained within the b o u n d a r i e s o f n o r m a l v a l u e s . Ly s i s o f erythrocytes and epithelium develop following myocardial infarction (Simic et al. 2003 ) allowing uncontrolled leakage of intracellular antioxidants into the blood stream and thus increasing the amounts of antioxidants found in peripheral blood sera. It is also likely that aspirin as well as heparin injection could influence antioxidant capacity in time points OV, I and II, although the most recent data (Tasaki et al. 2006) suggest that heparin-released extracellular superoxide dismutase is significantly reduced in patients with coronary artery disease and that the tissue-bound location of this enzyme might be important for antioxidant function rather than its serum values. In case of heparin treatment and the tissue damage due to AMI and PCI treatment, heparin-released extracellular superoxide dismutase could be important parameter of the total serum antioxidant capacity. However, on the third and the seventh day the measured antioxidant capacity should not be affected much by heparin administered at the time surgical intervention. The increase in the total antioxidant capacity of the sera from the cubital vein on the third day following PCI could also be due to uric acid, which is intensively produced during intensive physical stress and ischemia-reperfusion, as shown in the course of oxidative stress in marathon runners (Liu et al. 1999; Waring et al. 2003) . The rise in antioxidant capacity could also be due to the release of intracellular antioxidants caused by tissue damage during AMI. Oxidative stress Comparison of the data obtained in time points OV and IV were done considering also dynamic changes between these two time points. Two to three fold increase of total peroxides (88% of patients) and sICAM-1 (80%) was predominant pattern of dynamic change. The majority of patients (72%) exhibited a fall in the total capacity of antioxidants. Eighty-two percent showed a transient fall in the levels of antibodies to oLDL followed by the raise of the antibody titer.
caused by AMI could afterwards reduce the serum antioxidant capacity, while PCI stabilised the condition preventing further progression of the affected tissue damage. However, it should also be mentioned that PCI itself might be a cause of oxidative stress, at least because it allows tissue reperfusion, i.e., reoxigenation. The rise of total capacity of antioxidants on the third day was probably the result of stabilised conditions associated with the food consumption that allowed an intake of antioxidants. On the other hand, a decrease of total antioxidant capacity observed afterwards, on the seventh day, could reflect physical stress due to increased physical activity of the patients, which may under convalescence resemble intense physical exercise as observed for healthy sportsmen who also exert a decrease in total antioxidant capacity after exercise (Liu et al. 1999; Schippinger et al. 2002) .
A transient decrease of the oLAb titer observed in our study is consistent with the findings of Schumacher et al. (1995) . A transient decrease of oLAb titer followed by an increase of the antibody titer was associated with successful convalescence after AMI (Schumacher et al. 1995) , while lethal outcome was associated with continuous decrease of the anti-oLDL antibody titer. The change in titer of anti-oLDL antibodies should be primarily interpreted as a consequence of oxidative stress and subsequent lipid peroxidation. The aldehydic end products of lipid p e r o x i d a t i o n ( m a l o n d i a l d e h y d e a n d 4-hydroxynonenal) that are generated during oxidative stress modify proteins in the LDL molecule (apoB), generating novel epitopes for antibodies against oLDL (Jürgens et al. 1987; Esterbauer et al. 1992) . Therefore, the presence of a high oLAb titer indicates an immune response against the radical attack, while a decrease of anti-oLDL antibodies after AMI reflects their protective role as scavengers for oLDL released from the culprit lesion of AMI. Moreover, as oLDL contains oxidatively modified epitopes on apoB that work as self antigens, oLDL is also an immune booster for oLDL that causes an increased titer of antibodies against oLDL several days after AMI, as observed also for our patients.
Oxidized LDL in the wall of blood vessels is removed by phagocytes. Thus activated macrophages are further source of ROS enhancing the persistence of oxidative stress, while products of lipid peroxidation act as proinflammatory factors, signalling molecules and second toxic messengers of free radicals (Vrkic et al. 1997; Forman and Torres 2001; Zarkovic 2003) . Therefore, observed rise in the titer of oLAb might also reflect an inflammatory component of convalescence. This possibility is supported by data obtained for sICAM-1 results at days three and seven. The rise of sICAM-1 has already been found to be associated with AMI (Siminiak et al. 1997 ) also as a consequence of injury during m y o c a r d i a l i s c h e m i a a n d r e p e r f u s i o n (Frangogiannis et al. 2002) . The raise of sICAM-1 levels was described in patients with unstable angina pectoris, but not in patients with stable angina (Kaikita et al. 1997; Ogawa et al. 1999) . Therefore, it is not surprising that sICAM-1 values were increased in our patients. The increase in the levels of sICAM-1 observed i n o u r s t u d y c o n fi r m s t h e i n fl a m m a t o r y pathophysiology of myocardial ischemiareperfusion injury not only during AMI and PCI but also convalescence. It is probable that this rise of sICAM-1 reflected an inflammatory vascular process after AMI and PCI, i.e., during convalescence. This possibility seems credible because an almost identical pattern of progression of levels of sICAM-1 and total peroxides (r = 0.92) has been observed in our patients indicating a strong link between the two parameters. The determination of serum peroxides might therefore be simple and useful method for the estimation of the persistence of systemic oxidative stress during convalescence following severe acute disorders in cardiovascular systems, as also suggested by Lindschinger et al. (2004) .
Finally, it should be mentioned that several animal and clinical studies suggest that antioxidant administration might be an attractive approach to attenuate extensive oxidative attack within vital organs (Sisto et al. 1995; Metin et al. 2002; Liu et al. 2004; Kanter et al. 2005) .
Medicaments that suppress inflammatory response to the damage, as recently described for trimetazidine (Kuralay et al. 2006) , could be of additional interest, while the use of aspirin known as an ti-in fl ammato r y d r u g th at h as anticoagulating and antioxidant features should be considered with care (Hobikoglu et al. 2005) . Therefore, novel bioengineered compounds should be tested as well as cocktails of classical antioxidants in order to reduce the reperfusion injury within the myocardium (Hung et al. 2001) , which may become efficient supportive treatments for myocardial recovery after AMI and successful convalescence of patients.
